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Abstract
Background An incongruity between instrument and
articular surfaces in osteochondral transfer (OCT) results in
unevenly distributed impact forces exerted on the cartilage
which may cause a loss of functional chondrocytes. We
tested whether a plane instead of a concave design of the
punch of an osteotome can reduce these cartilage damages.
Methods Osteochondral cylinders were transferred from a
donor to a recipient site within porcine humeral heads. His-
tological sections of the cartilage were assessed for meta-
bolic active chondrocytes by in situ hybridization detecting
coll 1(II) mRNA subsequent to OCT and 24 h thereafter.
Results The percentage of cartilage harbouring functional
chondrocytes in the transferred grafts was 85 § 10 and
91 § 4% subsequently to OCT using punches with concave
or plane surfaces, respectively, and 83 § 10% (concave)
and 82 § 10% (plane) after 24 h. In the superWcial layer of
the cartilage the percentages were 72 § 13% (concave) and
84 § 8% (plane) subsequently to OCT, and 68 § 15%
(concave) and 70 § 3% (plane) after 24 h. The analysis did
not reveal any statistically signiWcant diVerences.
Conclusions The OCT leads to considerable loss of func-
tional chondrocytes which could not be prevented by the
use of a plane instead of a concave punch. Since functional
chondrocytes might be of crucial importance for the sur-
vival and integration of the graft into the recipient site fur-
ther work is needed to optimize the OCT procedure.
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Introduction
Osteochondral transfer (OCT) is a treatment option for
larger (1–4 cm2) isolated, full-thickness cartilage lesions
[1] predominantly located at the medial femoral condyle of
the knee [2]. For treatment of cartilage defects within the
weightbearing portions of the femoral condyles, grafts are
taken from the less weightbearing intercondylar notch or
the periphery of the patellar groove; the latter providing a
signiWcantly better topographic match to the medial femo-
ral condyle [3–6].
Functional impairment of chondrocytes was observed at
the edges of the grafts after OCT [7–9] with incomplete
bridging between the host’s and the recipient’s cartilage
[10–15]. As inhibition of cell death mechanisms occurring
in transferred grafts considerably improved binding to the
recipient cartilage [16, 17], functional chondrocytes at the
edges of transferred cartilage may be of importance for its
integration at the recipient site. In order to evenly distribute
the impact forces exerted on the cartilage, the punches
within the osteotomes used for OCT are designed with a
concave surface to match the convexity of the articular car-
tilage at the medial or lateral aspects of the patellar groove
(main source of donor tissue) [18, 19].
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site [18, 19] cannot be accounted for by the instrumental
design and it appears that the cartilage surface of the graft is
often less convex than the concavity of the punch surface.
We proposed that this incongruity between the instrument
and cartilage surfaces might lead to cell damage at the
periphery of the grafts reducing the amount of functional
chondrocytes and limiting graft integration. In an attempt to
prevent the loss of functional chondrocytes at the periphery
of the grafts we tested in vitro a punch with a plane surface to
reduce the pressure applied to the periphery of the grafts and
compared it to a punch with a conventional concave surface.
Materials and methods
Osteochondral transfer
Fresh forelegs from 3 to 6-month-old pigs were provided
from a local slaughterhouse. The osteochondral grafts were
harvested from the humeral head using a commercially
available device (Osteochondral Autologous Transfer Sys-
tem; Arthrex Inc., Naples, FL, USA). This device is cur-
rently used in clinics and the surgical technique for the graft
harvest is described elsewhere [20]. During the surgical
procedure the joint was irrigated with physiological saline.
Osteochondral grafts (6 mm in diameter, 10 mm in
length) were harvested from a porcine humeral head (ex
vivo model) using an osteotome with a punch inside with
either a concave or a plane surface (“Wrst harvest”, Fig. 1).
Subsequently, the grafts were implanted “press-Wt” and
“unbottomed” into an adjacent recipient hole (5 mm in
diameter, >10 mm in length) by many light blows rather
than by a few heavy ones with a light hammer head as rec-
ommended previously in order to minimize the cartilage
damage during re-insertion [21]. The transferred graft was
harvested with the surrounding host tissue by a standard
osteotome (11 mm in diameter, 10 mm in length: “second
harvest”, Fig. 2) to assess the cartilage damage. The sur-
geon (JDB) was blinded to the used punch. All tissues for
one experiment were harvested from the same animal. Tis-
sues assessed after 0 h were harvested from one humeral
head whereas the tissues assessed after 24 h were derived
from the contralateral humeral head of the same animal.
The tissues for the diVerent experimental groups (“con-
cave” vs. “plane”) were obtained from the same animal.
The experiment was performed three times independently
with tissues obtained from three diVerent animals (n = 3).
Histological analysis
In one series, the tissues were Wxed immediately after the
“second harvest” in 4% paraformaldehyde/3% dextran in
phosphate-buVered saline (PBS; Cambrex, Verviers, Bel-
gium) to identify the function of chondrocytes and thus the
initial quality of the osteochondral graft after OCT.
In a second series, the tissues were cultured for 24 h after
the “second harvest” in Dulbecco’s ModiWed Eagle
Medium (DMEM; Invitrogen, Basel, Switzerland)/10%
heat-inactivated fetale bovine serum (FBS H.I.; Oxoid AG,
Basel, Switzerland)/1% penicillin/streptomycin (P/S;
Sigma Aldrich, Buchs, Switzerland) at 37°C and 5% CO2
before Wxation to allow time dependent cell death mecha-
nisms to occur.
After Wxation, tissues were decalciWed in 15% ethylene-
diaminetetraacetic acid (EDTA; Sigma-Aldrich)/0.5%
paraformaldehyde in PBS (pH 8.0), dehydrated in graded
ethanol, cleared in xylol, and embedded in low-melting-
point paraYn (Histo-Comp®, Vogel, Giessen, Germany).
Four sections (thickness 5 m) were prepared (Microm
Cool Cut, Carl Zeiss, Feldlach, Zürich, Switzerland) in
diVerent longitudinal section planes (at 0.5, 1.0, 2.0,
3.0 mm measured from the periphery of the graft). The sec-
tions were mounted on poly-L-lysine coated superfrost
slides (Menzel Glasbearbeitungswerk GmbH & Co. KG,
Fig. 1 Commercially available device as used in clinics for osteo-
chondral transplantation using an osteotome with a punch inside. The
picture details on the right are showing the concave punch (above) and
the modiWed plane punch (below) within the osteotome with the
hypothesized diVerences in the pressure distribution (red arrows) on
the cartilage during the impaction procedure123
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heating plate (MEDAX Nagel, Kiel, Germany).
After deparaYnization and rehydration, the sections
were assessed for the function of chondrocytes by in situ
hybridization for mRNAs encoding the 1-chain of collagen
type II [col 1(II)] [22]. The DIG-labelled riboprobes [23,
24] were detected by immunohistochemical analysis using
an anti-digoxigenin antibody conjugated with alkaline
phosphatase (Roche Diagnostics, Rotkreuz, Switzerland).
Binding of the antibody was visualized with 5-bromo-4-
chloro-3-indolyl phosphate and nitroblue tetrazolium
(Sigma-Aldrich). Thereafter, the sections were embedded
with Aquamount (BDH Laboratory Supplies, Poole,
England).
The four sections of each graft were histomorphometri-
cally analysed (Fig. 3): the transferred cartilage was
assessed by deWning the percentage of the cartilage area
which harbours functional chondrocytes [col 1(II) mRNA
positive]. Therefore, the cartilage was overlaid with a grid
and the crossings covering cartilage areas containing func-
tional chondrocytes were expressed as percentage of all
crossings within the grid covering the cartilage tissue. For
local mapping reasons the grid, and thus the cartilage, was
divided into nine zones, each containing 88 crossings:
superWcial layers were the zones 1, 2, 3, whereas zones 4, 5,
6 and 7, 8, 9 were the middle and the basal layer, respec-
tively. The zone 1, 4, 7 and 3, 6, 9 were the cutting edges.
Statistical analysis
For each position and position sums a linear mixed eVects
model was calculated to test the time and the technique eVect
in one model. Time eVects were measured on independent
animals but technique eVects on the same animals. Repli-
cated measurements for each animal within time and tech-
nique were averaged for the model. Due to the low number
of animals a nonparametric procedure is more appropriate
than a parametric. The main interest (technique eVect) could
be analysed alone by a Wilcoxon Signed-rank test; statistical
signiWcance was established at P < 0.05. Calculations were
done with SAS 9.1 (SAS Institute Inc., Cary, NC, USA).
Results
The percentage of cartilage tissue harbouring functional
chondrocytes subsequent to the OCT in the transferred
grafts was 85 § 10 and 91 § 4% when the concave and the
plane punches, respectively, were used. After 24 h in cul-
ture, the percentages were 83 § 10% for the concave and
82 § 10% for the plane punch.
The superWcial layer (zones 1, 2, 3) was probably exposed
the most to the impaction procedure. In this layer the propor-
tion of cartilage harbouring functional chondrocytes subse-
quent to OCT was 72 § 13% (concave) and 84 § 8% (plane),
Fig. 2 Example of a histological section after osteochondral transfer
using the plane punch with anatomic reconstruction of the articular sur-
faces (in situ hybridization for mRNA encoding col 1(II)). The black
arrows indicate the “host-graft interface” at the cartilage site. (section
plane 3.0 mm, scale bar 500 m)
Fig. 3 Morphometric evaluation of osteochondral tissue. To quantify
the area of the cartilage harbouring cells positive for col 1(II) mRNA,
a grid with nine rectangles was used (each rectangle contains 88 cross-
ings of grid lines). The amount of crossings lying in areas containing
cells positive for col 1(II) mRNA were counted and expressed relative
to all crossings lying within cartilage tissue123
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the periphery of the graft surface (zone 1 and 3) the cartilage
area containing cells positive for col 1(II) mRNA relative to
the total cartilage area was 65 § 17% (concave) and 80 § 9%
(plane) (Fig. 4a), and 24 h later 64 § 17% (concave) and
65 § 5% (plane) (Fig. 4b). In the centre of the superWcial
layer (Zone 2) the percentage of cartilage harbouring func-
tional chondrocytes was 86 § 7% (concave) and 94 § 6%
(plane) subsequent to OCT (Fig. 5a) and 76 § 14% (concave)
and 79 § 5% (plane) after 24 h in culture (Fig. 5b). The
detailed results for the single zones 1–9 immediately and 24 h
after OCT using either the concave or the plane punch are pre-
sented in Table 1. The statistical analysis did not reveal any
signiWcant diVerences in all groups (P > 0.05).
Discussion
The aim of this study was to investigate whether a diVerent
design of the ostechondral graft transfer instruments,
Fig. 4 Cartilage area containing cells positive for col 1(II) mRNA
relative to the total cartilage area was assessed by in situ hybridization
a 0 h and b 24 h after osteochondral transplantation using a concave
or a plane punch in the periphery of the graft surface (zones 1 and 3)
Fig. 5 Cartilage area containing cells positive for col 1(II) mRNA
relative to the total cartilage area was assessed by in situ hybridization
a 0 h and b 24 h after osteochondral transplantation using a concave
or a plane punch in the centre of the graft surface (zone 2)123
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improve the biological function of an osteochondral graft
after transfer. Regardless whether a concave or a plane
punch was used, we observed a loss of active chondrocytes
in the peripheral cartilage zones (1, 3, 4, 6, 7 and 9) which
either occurred during harvest or re-insertion of the graft
into the recipient site. This is corroborated by previous
reports presenting that the graft margin is compressed and
subjected to increased abrasion or shear stresses as it is
passed through the osteotome [9] and that the impaction of
the graft into the recipient site leads to cell death and colla-
gen rupture in the cartilage [25]. We intended to reduce the
stress applied to the periphery of the graft surface by adapt-
ing the punch, which is in direct contact with the graft. The
results showed no statistically signiWcant diVerences in
comparison with the standard technique. However, there is
a tendency towards a higher proportion of active chondro-
cytes in the superWcial layer immediately after OCT using
the plane punch.
The low numbers of tissues assessed (n = 3) is a limita-
tion of the present study. However, since the results did not
reveal a tendency towards a notable beneWcial eVect of the
plane punch we feel comfortable to reject our hypothesis.
Conclusion
In our hands, the use of a plane instead of a concave punch
did not reduce the extent of cartilage damage during the
extraction and impaction procedure in this experimental
setup. However, the considerable loss of functional chon-
drocytes at the edges of the transferred grafts, which are of
importance for the integration into the recipient site,
requires the optimization of the transplantation technique to
achieve ideal conditions for the survival of the cartilage
after osteochondral transplantation.
Acknowledgments This work is supported by the German Speaking
Arthroscopy Association. We thank Dr. Daniel Dietrich, Scientist,
Institute of Mathematical Statistics and Actuarial Science, University
of Berne for performing the statistical analysis and his assistance in the
interpretation of the results.
References
1. Gudas R, Stankevicius E, Monastyreckiene E et al (2006) Osteo-
chondral autologous transplantation versus microfracture for the
treatment of articular cartilage defects in the knee joint in athletes.
Knee Surg Sports Traumatol Arthrosc 14:834–842. doi:10.1007/
s00167-006-0067-0
2. Curl WW, Krome J, Gordon ES et al (1997) Cartilage injuries: a
review of 31, 516 knee arthroscopies. Arthroscopy 13:456–460.
doi:10.1016/S0749-8063(97)90124-9
3. Hangody L, Kish G, Karpati Z et al (1997) Arthroscopic autoge-
nous osteochondral mosaicplasty for the treatment of femoral con-
dylar articular defects. A preliminary report. Knee Surg Sports
Traumatol Arthrosc 5:262–267. doi:10.1007/s001670050061
4. Hangody L, Vasarhelyi G, Hangody LR et al (2008) Autologous
osteochondral grafting—technique and long-term results. Injury
39(Suppl 1):S32–S39. doi:10.1016/j.injury.2008.01.041
5. Hangody L, Feczko P, Bartha L et al (2001) Mosaicplasty for the
treatment of articular defects of the knee and ankle. Clin Orthop
Relat Res S328–S336. doi:10.1097/00003086-200110001-00030
6. Bartz RL, Kamaric E, Noble PC et al (2001) Topographic match-
ing of selected donor and recipient sites for osteochondral auto-
grafting of the articular surface of the femoral condyles. Am J
Sports Med 29:207–212
7. Bastian JD, Egli RJ, Ganz R et al (2009) DiVerential response of
porcine osteoblasts and chondrocytes in cell or tissue culture after
5-aminolevulinic acid-based photodynamic therapy. Osteoarthr
Cartil 17(4):539–546
8. Nabavi-Tabrizi A, Turnbull A, Dao Q et al (2002) Chondrocyte
damage following osteochondral grafting using metal and plastic
punches: comparative study in an animal model. J Orthop Surg
(Hong Kong) 10:170–172
9. Huntley JS, Bush PG, McBirnie JM et al (2005) Chondrocyte
death associated with human femoral osteochondral harvest as
performed for mosaicplasty. J Bone Joint Surg Am 87:351–360.
doi:10.2106/JBJS.D.02086
10. Kim HT, Teng MS, Dang AC (2008) Chondrocyte apoptosis:
implications for osteochondral allograft transplantation. Clin Ort-
hop Relat Res 466:1819–1825. doi:10.1007/s11999-008-0304-6
11. Bobic V (1996) Arthroscopic osteochondral autograft transplanta-
tion in anterior cruciate ligament reconstruction: a preliminary
clinical study. Knee Surg Sports Traumatol Arthrosc 3:262–264.
doi:10.1007/BF01466630
12. Lane JG, Tontz WL Jr, Ball ST et al (2001) A morphologic, bio-
chemical, and biomechanical assessment of short-term eVects of
osteochondral autograft plug transfer in an animal model. Arthros-
copy 17:856–863
13. Lane JG, Massie JB, Ball ST et al (2004) Follow-up of osteochon-
dral plug transfers in a goat model: a 6-month study. Am J Sports
Med 32:1440–1450. doi:10.1177/0363546504263945
14. Horas U, Pelinkovic D, Herr G et al (2003) Autologous chondro-
cyte implantation and osteochondral cylinder transplantation in
Table 1 Percentage of cartilage areas harbouring cells positive for col
1(II) mRNA
InXuence of instrumental design of a concave versus plane punch with-
in the harvest osteotome (A) immediately and (B) 24 h after osteochon-
dral transplantation. Data are presented as the mean percentage of
cartilage area harbouring cells positive for col 1(II) mRNA § SD.
Values within the group “plane” were not signiWcantly diVerent to
those obtained in the group “concave” (P > 0.05)
(A) (B)
Zone Concave 0 h Plane 0 h Zone Concave 24 h Plane 24 h
1 68 § 27 78 § 6 1 69 § 20 62 § 9
2 86 § 7 94 § 6 2 76 § 14 79 § 5
3 62 § 26 81 § 13 3 59 § 19 68 § 9
4 95 § 3 94 § 3 4 92 § 5 91 § 6
5 100 § 0 100 § 0 5 100 § 1 100 § 0
6 79 § 35 96 § 3 6 96 § 5 95 § 5
7 93 § 5 86 § 10 7 76 § 14 76 § 24
8 100 § 0 97 § 4 8 85 § 20 83 § 33
9 76 § 35 90 § 9 9 85 § 17 76 § 33123
346 Arch Orthop Trauma Surg (2010) 130:341–346cartilage repair of the knee joint. A prospective, comparative trial.
J Bone Joint Surg Am 85-A:185–192
15. Harman BD, Weeden SH, Lichota DK et al (2006) Osteochondral
autograft transplantation in the porcine knee. Am J Sports Med
34:913–918. doi:10.1177/0363546505283257
16. Khan IM, Gilbert SJ, Singhrao SK et al (2008) Cartilage integra-
tion: evaluation of the reasons for failure of integration during car-
tilage repair. A review. Eur Cell Mater 16:26–39
17. Gilbert SJ, Singhrao SK, Khan IM et al (2009) Enhanced tissue
integration during cartilage repair in vitro can be achieved by
inhibiting chondrocyte death at the wound edge. Tissue Eng Part A
18. Ahmad CS, Cohen ZA, Levine WN et al (2001) Biomechanical
and topographic considerations for autologous osteochondral
grafting in the knee. Am J Sports Med 29:201–206
19. Terukina M, Fujioka H, Yoshiya S et al (2003) Analysis of the
thickness and curvature of articular cartilage of the femoral con-
dyle. Arthroscopy 19:969–973. doi:10.1016/j.arthro.2003.09.006
20. Bobic V (1999) Autologous osteo-chondral grafts in the manage-
ment of articular cartilage lesions. Orthopade 28:19–25
21. Whiteside RA, Jakob RP, Wyss UP et al (2005) Impact loading of
articular cartilage during transplantation of osteochondral auto-
graft. J Bone Joint Surg Br 87:1285–1291. doi:10.1302/0301-
620X.87B9.15710
22. Hofstetter W, Wetterwald A, Cecchini MC et al (1992) Detection
of transcripts for the receptor for macrophage colony-stimulating
factor, c-fms, in murine osteoclasts. Proc Natl Acad Sci USA
89:9637–9641. doi:10.1073/pnas.89.20.9637
23. Fraitzl CR, Leunig M, Demhartner TJ et al (2001) Development of
transplanted fetal bones: diVerences between isografts and allo-
grafts in mice. Clin Orthop Relat Res 267–276. doi:10.1097/
00003086-200101000-00035
24. Palmer G, Zhao J, Bonjour J et al (1999) In vivo expression of
transcripts encoding the Glvr-1 phosphate transporter/retrovirus
receptor during bone development. Bone 24:1–7. doi:10.1016/
S8756-3282(98)00151-3
25. Torzilli PA, Grigiene R, Borrelli J Jr et al (1999) EVect of impact load
on articular cartilage: cell metabolism and viability, and matrix water
content. J Biomech Eng 121:433–441. doi:10.1115/1.2835070123
